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(57) 
[IS 



[1 



n 



C : 0. 02-0. 10%, Si : 0. 1 ~1. 0 %. 
P : 0.001 ~0. 025 %, S : 0.010 
'0. 1 N : 0.008 
C- (12/48) XTi' - 02/93) XNb 
^0.09. *3cfcDf, -340 xC + 76xSi-2xMn+939 x 
Ti + 1334xNb+5470XN^70(DM^^ifcfC?^S-r?>t 

±*5 =): ja ^80 % «±T' * •x.mmmt\.itm!^ 



Mn : 0.8 ~2. 5 %, 
%iJAT, Al : 0. 003 



(2) ItM 2001-355043 

1 2 

imm^<omm] *b> Tfe(i)jC*3j;t;Tfe{2) ^(Dmm^thizms^t 

] nm%-c. c : 0. 02-0. io%, si : 0. 1 ^zt^n^mtr^. ^mmwaKK^^^u^RiKumm 
~i. 0 Mn : 0. 8-2. 5 p : 0. 001. -0. 025 %. %!;x±.r$>-:>xmmmnrci^^m'^^{tmmM^tb-D 

S : 0. 010 %RT. Al : 0. 003 ~0. 1 %. N : 0. 008 % tSiS, 

C- (12/48) xTi* -(12/93) xNb^0.09 (1) 

-340 XC + 76xSi-2 xMn+939 XTi + 1334XNb+5470XN^70 • • (2) 
fcfc'b, Ti* =Ti-(48/14) XN-(48/32) XSTfe V : 0. 005 ~0. 10%i5cttifB : 0. 0001-0. 0100%;0^ 

[«*«2] c : 0. 02-0. 10%, Si : 0. 1 10 zST'^^f^i^nm^iu^mm^^^L. T^ii) 

-1.0 Mn:0. 8-2. 5 %. P : 0.001 -0.025 %, <J:DnFfS(2) iC0M^&tfcf'?iS-r^ ' tSlf^tr 

S : 0.010 AI : 0.003 -0. 1 %> N : 0.008 % ^^490MPaU;l±*5cfct>'7v:;Alf^80%R±T'$)oTji 

£iT, s sfc, cr : 0. 005 -0. 10%, Mo : 0. 005 -0. lOJK mmnrcm^m-^^itmrnmrntb^^mm. 

C- (12/48) xTi' -(12/93) XNb^O. 09 (1) 

-340 xC + 76xSi- 2 xMn+939 XTi + 1334xNb+5470XNS70 • • (2) 
fcfc'L, Ti' =Ti-(48/14) xN-(48/32) xSTfe ★ TIB (1) iCJScktXTtB (2) ^om^^thlzm^r 

[»*S3] f|*%T> C : 0. 02-0. 10%, Si : 0. 1 &.±a^. -t"^ y i^y hmm^^tH^^lt 

-1. 0 %. Mn : 0. 8-2. 5 %, P : 0. 001 -0. 025 %. ^mWLtr^. 3im490MPai^±*5cki;7t/Atf^80%J^± 

S : 0. 010 %£AT. Al : 0. 003 -0. 1 %, N : 0. 008 % 20 TSoTMtt*i@nfcili^S'&^{bi§H!3Eilife^ ^S! 

C- (12/48) XTi' -(12/93) xNb^O. 09 (1) 

-340 xC + 76xSi- 2 XMn+939 xTi + 1334XNb+5470XN^70 • • (2) 
tzfiL. Ti' =Ti-(48/14) XN-(48/32) xstffe e^^C-Saf^^e-S^nfc iaSfc«2ai^±, 5tgi5Fe*5j; 

5. zs^sim^^mm-^'bfi^mm.^^^L. te(i) 

[»*3I4] Mfi%T, C : 0. 02-0. 10%, Si : 0. 1 ^ZTfmil) ^(Dm^^thizm&t^tthlZ. ig^ 

-1.0 %, Mn:0. 8-2. 5 %, P : 0.001 -0.025 %, feg20Mm£^T«^S&7)^ffi?S*80%i^±i5J6, ^-f zi 

S : 0.010 %&.T. Al : 0:003 -0. 1 %, N : 0.008 % 7x9-1' hmm^<bfi^:i t^^^fT^. 3i 

£AT, $ SJC, Cr : 0. 005 -0. 10%, Mo : 0. 005 -0. 10 S490MPa£^±43<tr/7^i2:if$80%£;^±T*oTMtt/5^^ 
%, V : 0. 005 -0. 10%*c):lKB : 0. 0001-0. Ol00%*^T!lr3O nfciS5i[^^^fl:?§gfi3S»fe^#IH«. 

C- (12/48) XTi' -(12/93) xNb^O. 09 (1) 

-340 xC+76xSi- 2 XMn+939 XTi + 1334XNb+5470XNS70 • • (2) 

rcfzL, Ti' =Ti-(48/i4) xN- (48/32) xsTfe ^^tthiz. ^^m.mQum}iir<Df^^mmmmzQ% 

[if*M5l H»%T', C : 0.02-0. 10%, Si : 0. 1 ^ tliS!1S<!:©#iS{C*3tt5^««®Wfa^®igS© 

-1.0 %, Mn:0. 8-2. 5 %, P : 0. 001 -0.025 %, PBl©iSS<5i#;5%2. 0 m m£ATx>y 5">y$nTli-5 :i 

S : 0.010 Al : 0.003 -0. 1 %, N : 0.008 % t^r^^chT-S, ^S490MPa£;l±*3=fct/7tJ!2:tf^80%ii^ 

U, TI2{l)S*5J:tXTiB(2) ^C^gi^St'bfwjiST ♦ te. 

C- (12/48) XTi' -(12/93) xNb^0.09 (1) 

-340 xC + 76xSi- 2 XMn+939 xTi + 1334XNb+5470xN^70 • • (2) 
fc/fb, Ti* =Ti- (48/14) XN- (48/32) XST$> * Zf^'^m^l^mm^^tt^mU^^^V. TfE(l) iC*3 
^. J;UtTIB(2) ^0mW<^th\zmS^t^tth\z. i^S 

[ii*JS6] Rft%-C, C : 0. 02-0. 10%, Si : 0. 1 K[S20Mm^JAT«i^SK[7)^ffi«$80%i^±£fe, ^-f :z 

-1.0 %, Mn : 0.8-2. 5 %, P : 0. 001 -0. 025 %, x-r •;'i'7x7'r hffl^*^e)^<cD. »o #«<h0itet(7) 

S : 0. 010 %£Jl"F, Al : 0. 003 -0. 1 %, N : 0. 008 % |^®lC43tt5SI««®®<S'«rOieS®rBia>iSSfe#35«fS 
e^T, Se.lC, Cr: 0.005 -0.10%, Mo : 0. 005 -0.10 2.0 tim^Xrxy^>i/-^riX^^^^t^^Wlt-r^. 
%, V : 0. 005 -0. 10%*5ctt)fB : 0. 0001-0. 0100%*^ ^g490MPaJJA±*5J:t;7t;Atf$80%JW±-efe^T]i14;&« 

C- (12/48) XTi' -(12/93) xNb^O. 09 (1) 



(3) 



3 



-340 xc + 76xSi-2 xMnH-939 xTi + 1334xNb+5470xN^70 



2 0 0 1-3 5 5 0 4 3 



(2) 



fe/fU Ti =Ti- (48/14) XN- (48/32) xSTfe 

[»*«7] K«%T, Ti : 0.003 ~0. 1 % 

*5ctU^Nb : 0.003 -0.1 iaS^c«2®S:# 
mt^M^m 1 ^&it*^6 *TaiViTn;5^ 1 3g{clBic 

[S*®8] mm%X\ C : 0. 02~0. 10%. Si : 0. 1 
~1. 0 Mn : 0. 8~2. 5 %, P : 0. 001 ~0. 025 %. 
S : 0. 010 %&rF. Al : 0. 003 ~0. 1 N : 0. 008 % 

L. Tia(i)s*5ct?/TiB(2) ^om^^t^izms^r * 

C- (12/48) xTi' -(12/93) xNb^O. 09 

-340 xc+76xSi-2 XMn+939 XTi + 1334xNb+5470XN^70 



* 880 -970 x:<oti:±EEmmm-cmmsm^n 

ofc^. 600 -700 'C(DiaSJ!^f;35~55'C/#(D?&^)i 
mX'}^mV. 400 -600 'C<^ffiSi^tC5-40"C 



(1) 

(2) 



ifefe'b, Ti =Ti- (48/14) xN- (48/32) XST* 

So 

[»*«9] Mt2»l)tl4. K*%T, Ti :0. 

003 -0. 1 %*5j;lWJb : 0. 003 ~0. 1 %0-5-&0 IS* 

tz.\t2m^^^-r^mims\zw.WL^ntc. !sg490MPa 20 
fi±.iikTS'f^m\im(i%\^A±.x^-DxmmmntcM^ 



"Ce^T©#Hm4'T^jlJtSr0. 8 -1. 25i:LTfTt.n5 
(3) iC^^fcT J; 5 \z t^Tff ^^nsif 8 Sfc^iS* 

3S 9 \zmL^nrcm^m'^^immm.^^-^^m^oym: 



700 +100 X In [Si] ^T^ 830+50X In [Si] 



(3) 



^^t. [Si]«. SttS!«®Si^^« (S*%) 

-r. 

1] friBS!)t*i, nmxx. Cr : 

0. 005 -0. 10%, Mo : 0. 005 -0. 10%, V : 0. 005 -0. 

io%43ctt;B : 0. 0001-0. m^%i)^^t^^mti^(bm\tn 
0 *T®vj-rn*^ 1 m\zmWi.^t\.rz^m.^-^^fmmM.i( 



mim 1 2 ] ®»%T, C : 0. 02-0. 10%, Si : 0. 
1 -1. 0 %, Mn : 0. 8 -2. 5 %. P : 0. 001 -0. 025 
%, S : 0. 010 Al : 0. 003 -1. 0 %, N : 0. 00 

TiBd) S43cfcu:Tie(2) ^<Dm%^th\zm 
mr/o^j.±.xh-:>xmmmnrzM^mmwLo 



C- (12/48) XTi -(12/93) XNb^0.09 

-340 xC + 76xSi- 2 XMn+939 xTi + 1334XNb+5470xN^70 



(1) 
(2) 



(48/14) XN- (48/32) XST* 



tziih. Ti =Ti 
-5, 

1 3 ] M«%T, C : 0. 02-0. 10%, Si : 0. 

1 -1. 0 %, Mn : 0. 8 -2. 5 %, P : 0. 001 -0. 025 

%, S : 0. 010 %6ilT, Al : 0. 003 -1. 0 %, N : 0. 00 

8 %£ilT, $6fC, Cr : 0. 005 -0. 10%, Mo : 0. 005 — iV 

C- (12/48) XTi* -(12/93) XNb^0.09 

-340 xc + 76xSi- 2 XMn+939 xTi + 1334xNb+5470xN 



■sirO. 10%, V : 0. 005 ~0. 10%*cttKB : 0. 0001-0. 0100 

s*3=tiXTi2(2) ^<7)m%^th\zm&r^zt^i^m. 

tfS, ^^490MPaet±43cfct)JA/2:tf^80%i^±"e*o 

xmmmntcmLm.mwio 



=70 



(1) 

(2) 



tz1th. Ti =Ti 

1 -1.0 %, Mn : 0.8 -2.5 
%, S : 0.010 %6tT, Al : 



(48/14) XN- (48/32) XSTSfe 



C : 0.02-0. 10%, Si : 0. 
%, P : 0.001 -0.025 
0. 003 ~1. 0 %, N : 0. 00 

8 %WT, mixt^^xs-^'^m^i^mm^^t^^m^^^ 

C- (12/48) XTi' -(12/93) xNb^O. 09 

-340 xC + 76xSi- 2 XMn+939 xTi + 1334xNb+5470x N^70 
tzItL. Ti* =Ti- (48/14) XN- (48/32) XST3& 50 5. 



♦ TS(1) iC*5J:y^TE(2) fef;^ 

tf$80%«^±T?$>oTS1i75«®nfcili^Sa!«. 



(1) 
(2) 



5 

1 5 ] nm%X\ C : 0. 02~0. 10%, Si : 0. 
1 ~1. 0 %. Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 
%, S : 0. 010 . A! : 0. 003 ~1. 0 %, N : 0. 00 
8 Cr : 0.005 ~G. 10%. Mo : 0.005 ~ 

0. 10%, V : 0. 005 ~0. 10%43=kC;B : 0. 0001~0. 0100 



(4) #08 2001-355043 

6 

* iC43<ttKTE (2) ^(Dmm^thizm&t^ tthlz. 



C- (12/48) xTi' -(12/93) xNb^O. 09 (1) 

-340 xC+76xSl-2xMn+939 xTi + 1334XNb + 5470xN^70 • • (2). 
fcfe't, Ti* =Ti- (48/14) XN- (48/32) XSTfe 10JK80%m±i&»e>,- ^^^-a^-'^-f-x-r y i'7x5'f h 



-So 

im^m 1 6 ] mm%x\ c : o. o2~o. 10%, si : 0. 

1 ~1. 0 %, Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 
%, S : 0. 010 %UT. Al : 0. 003 ~1. 0 %, N : 0. 00 

TfB(l) S;*c)::KTfe(2) ^0m^.^th\zm 

C- (12/48) XTi* -(12/93) xNb^O. 09 (1) 

-340 xC+76xSi-2xMn+939 xTi + 1334XNb+5470xN^70 • • (2) 
tzTcL. Ti* =Ti- (48/14) XN- (48/32) xSTffe 20*iC43j;lKTfB (2) ^<DmW^^thizm&t^tth\Z. 



ii^i^uK). tb^^mtmut0^miz:hifim^mm<D 

SnxVi-S^ltS^iitt-'S, ^S490MPa£A±*5cfcaJ7X 



1 -1.0 %, Mn : 0.8 -2.5 
%, S : 0.010 %^XV. Al 

8 %fxr. 



0.02-0. 10%, Si : 0. 
P : 0. 001 -0. 025 
0. 003 -1. 0 %, N : 0. 00 
$ 6.1C, Cr : 0. 005 -0. 10%, Mo : 0. 005 - 
0. 10%, V : 0. 005 -0. 10%*5cfcy^B : 0. 0001-0. 0100 

C- (12/48) XTi' -(12/93) xNb^O. 09 

-340 xC+76xSi-2xMn+939 XTi + 1334XNb+5470XN^70 



^mtrs, ^^490MPaet±*5J;Z/?^j£;tf^80%£ilJiT 



(1) 

(2) 



fz.1i\y. Ti* =Ti- (48/14) XN- (48/32) xSTfe 

mim 18] $ e> {c, m*%t, ti : o. 003 -0. 1 

%*5cfclXNb : 0. 003-0. 1 %(D'5%© ia*fc«2a?£ 

^^TSiS^Si 2*^6.iSjJciSi 7SircoVi-fndu« 
tl2m$n;t, 3ig490MPaU;Ji*5J:Z^/^j£tf*80%CJ^± 



1 9 ] 
1 -1.0 %, Mn 
%, S : 0.010 



0. 8 



%T. C : 0. 02-0. 10%, Si : 0. 
-2.5 %, P : 0.001 -0.025 40 
, Al: 0.003 -1.0 %, N:0. OOiir 

C- (12/48) XTi' -(12/93) xNb^O. 09 

-340 xC + 76xSi-2 xMn+939 XTi + 1334xNb+5470xNS70 



T!r8 %KT, ^mt^^is^'^m.^'^mmti^hu^^^.^ 

<&WL, Tied) iC4o=tlXTIS(2) S0M^*<hfcfCil 
^t^mmz. 880 -970 'C(Dtt±ffi]iiaS-CiiFBlffiig 
*ff^fc«, 600 -700 'C(7)ja^lgEH35-55*C/'|J>0?& 
^^^lr?^aiL, ^(^m, 400 -600 "CcDiS^itfCS- 

m:/i^<j:>nims.xT^n\.xm^^-ch\z^X). 

:h;i/7x5'f h®7^0iaet±;5^e.nj;5;i<!:^!|ti!tc!: 

(1) 

(2) 



^cfc'L, Ti =Ti- (48/14) XN- (48/32) xSTfe 

[»*«2 0] $^[c:. ®M%T, Ti : 

0.003 -0.1 %*=fc0^b : 0.003 -0.1 %<7)5^®ia 
SAc«2S&^^-r^if^«l 9{ClE«$n^c, !Sg[49 
0MPat^±*5j;i;7^i2;tf$80%£A±-efe-3TM14;5^®n/c 



50 



[W*^2 1 ] ga%-e, C : 0. 02-0. 10%, St : 0. 
1-1.0 %, Mn:0. 8 -2.5 %, P : 0.001 -0.025 
%, S : 0. 010 %JJilT, A! : 0. 003 -1. 0 %, N : 0. 00 

^^L, TfB(i) JC43=fcOJTie(2) ^(Dm%^th\zm 
^t^mmz. 880 -970 •x:<r>^±sMWxmf^jm 

^n^Tz.^^ 600 -700 *C®ja^«H35~55'C/tl>0?& 



(5) 



2001-3550 4 3 



7 



n'MB.x^nxy. "torn. 400 ~6oo *c0iasii(c5~ 

C- (12/48) xTi' -(12/93) xNb^O. 09 (1) 

-340 xc+76xSi-2 xMn+939 xTi + 1334xNb+5470XN^70 • • (2) 

700 +100 xin[Si] ^T^ 830+5OX 1 n [Si] (3) 

fc^L. Ti =Ti- (48/14) XN- (48/32) XSX$> S : 0. 010 %&sT. Al : 0. 003 ~0. 1 %. N : 0. 00 

^mU. TfB(l) iC*5=l:O^Tf3(2) ^^m^^thizm 
^■^^r^^^t^^mt-r^. 3t^490MPaJ!^±*J;Z>'7^/A 

i,imiQ%&.±x'$>-oxmmmnrzM^m'^±itmmm. 



m^m22 ] HffiBSiittt, nm%x\ cr: 

0. 005 ~0. 10%, Mo : 0. 005 ~0. 10%, V : 0. 005 ~0. 

iQ%io^zSB : 0. oooi~o. oioo%>e.;ij:-5if*^e.jitfn 
fz 1 m^rc\t 2 am±*'&w-rsif 1 9 ij^amm 
2 1 ^xm^rnt}^ 1 m\zmm-snrzM^mm'^^rz\t 



[W*«2 3 ] mM%X. C : 0. 02~0. 10%, Si : 0. 
1 ~1. 0 %. Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 ^ 

C- (12/48) XTi' -(12/93) xNb^0.09 ...... 

-340 xC+76xSi-2xMn+939 xTi + 1334xNb+5470x N^70 



(1) 
(2) 



=Ti- (48/14) XN- (48/32) XSX$> 



fzfzL. Ti 

So 

[W*^2 4] «*%T, C : 0. 02~0. 10%, Si : 0. 
1 ~1. 0 %, Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 
%, S : 0. 010 %£i^T, Al : 0. 003 ~0. 1 %, N : 0. 00 
8 %e^T, $ e.f3. Cr : 0. 005 ~0. 10%, Mo : 0. 005 ~ 
0. 10%, V : 0. 005 ~0. 10%*5J;I;b : 0. 0001~0. 0100 

ibtn^m^^miitnrz i m^rz\t 2 m&.±. sa^Fe* 

C- (12/48) XTi* -(12/93) xNb^0.09 

-340 xC+76xSi- 2 xMn+939 xTi + 1334xNb+5470x N 



'k^^x}^^-sim&3^nm^?>fs.^mm0!L^^L. ts(i) 

s*3cfciXTfe(2) ^(Dm^^thizms.r^tth\z. 

mtrs, 5S^490MPaJ!i^±*=);lK?^:JAtf$80%{i^±T» 



=70 



(I) 

(2) 



rcfe'L, Ti =Ti- (48/14) xN- (48/32) xSXh 

•So 

[«*«2 5 ] M»%T, C : 0. 02-0. 10%, Si : 0. 
1 ~1. 0 %, Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 
%, S : 0. 010 %£AT, Al : 0. 003 ~0. 1 %, N : 0. 00 

^^b, TI3(1) S*5J;t;TS(2) iCOPIf^^tfefcSI 

jsrstt'bic, i^&i&m2Qum&i,r<Dii^^Bmmmmit 



■iV80%U(±iSfe, i^^^rL^-'^'f 7x^-1' h 

*;^:^Ji7 7v-7^^'J::^:^;^7x7'f ha)^-&0ia^± 

fl^ro^^B©rBl©|grHiS;[#75^'li2. O MmtATXy 5">if 
$nTt>S;iiSiftmi-rS, ^^490MPaJ[il±43j;i;7^: 
l£tf $80%£;l±-C* o TjS1i;5^^nfciSi^^^^ftSa! 



C- (12/48) XTi -(12/93) XNb^O. 09 

-340 xc+76xSi- 2 XMn+939 xTi + 1334xNb+5470XN^70 



(1) 
(2) 



^cfc*b, Ti =Ti- (48/14) XN- (48/32) XST* 

So 

tiS*S2 6] mm%X. C : 0.02~0. 10%. Si:0. 
1 ~1. 0 %, Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 
%, S : 0. 010 %eAT, Al : 0. 003 ~0. 1 %, N : 0. 00 
8 %&.T^ $ efc, Cr : 0. 005 ~0. 10%, Mo : 0. 005 ~ 
0. 10%, V : 0. 005 ~0. 10%*DJ;t;B : 0. 0001~0. 0100 

%A-^iUi>mfi^ibmiitirzim^tz\t2m&.±. nme 
^^u^-^mi^i^nm^<ifi^mm^^mb. ti2(i) 



iCfeJ;t;TE(2) ^0m^^thlzm&t^tth\z, 

^^nm20iimSK-f(Df^^mmmmmo&.±atb. i/ 

y~-Ly—^^r.7-'< vi^y:r.y^ V'^fz\ti7'7 -y—Tfs 

mtmwLt<j>nm\z^n^w^m.^m(Dm*i<j)i^mm<r> 

^^1k^ifi^2.^ umfXT:r.y=J->i/-^nx\<^^^t^ 

h^xmrnmntzm^^^^immmmib^^m^. 



50 



(6) 

9 10 

C- (12/48) XTi' -(12/93) xNb^O. 09 (1) 

-340 xC+76xSi-2XMn+939 xTi + 1334XNb+5470xN^70 • • (2) 



2 0 0 1 -3 5 5 04 3 



itfc'b, Ti =Ti- (48/14) XN- (48/32) XST& 

[if^«2 7] $f,fC. M»%T?, Ti : 0.003 ~0. 1 
%*3<ktW^b : 0. 003~0. 1 %<Dot>(Dimt.rc\t2m^ 

im^M2 8] Wm%X\ C : 0. 02~0. 10%> Si : 0. 
1 ~1. 0 %. Mn : 0. 8 ~2. 5 %> P : 0. 001 ~0. 025 
%, S : 0. 010 %£^T, Al : 0. 003 ~0. 1 %. N : 0. 00 

8 nun^i:zf^^-simmi^mm^'^tii?>mm.^ 



10 



*ST5Si)t[C, 880 ~970 'C0tl:±JEMiaSTiirBlffiM 
^n-Dtz^. 600 ~700 t:0ia^ig5l335~55'C/tJ'^©?^ 
^jiST'?&i^t, 400 ~600 *C0iaS«{C5~ 

4ot:/'i}>«?&a^«-e?&siUT#5to, mm^n-oxifi 

J^AT(7)igfB)|SiJi^®S$80%e^±£fe> ^y-=Ly—^^ 

tt^»i«*®<7)fi>!rc7)^S©PBl®;g^i|Si^d^i|i2. 0 Mm 

Mji-r§::i^#«gifr*, ^^490MPa£;±*3J:t;7tJ!£ 
tf$80%£^±TfeoT]g«t*«Sn;tiliai^^ 



S*b, TfB(l) iC*5d;i!^Tf2(2) fclcii* 

C- (12/48) XTi' -(12/93) XNb^O. 09 • • (1) 

-340 xC+76xSi-2xMn+939 XTi + 1334xNb+5470XN^70 • • (2) 

tz1t\^. Ti' =Ti- (48/14) XN- (48/32) xSTfe [iS*:S3 0) ^^\Z. fiaiB}tBSffilB»&^#«. 

'Cii(T®#HMtt'T'^m$0. 8 ~1.25<!:tTfft)n§ 
(3) iC^SIfct-ck 3 (I UTfT^^nS 2 8 



[ii*]g2 93 $e.}c, Hftieain-^, ti 20 

0.003 ~0. 1 %*3J:lKNb : 0. 003 ~0. 1 

*fett2ia^-&*-r5is*«2 8icE«$nfc, 11^49 



700 +100 xin[Si] 830+50X 1 nlSi] 



[Si] a, e^ffl«(3!)Si##S (H«%) 



To 

[»*«3 1] BJie»!H-*^ SetC, Cr: 
0. 005 ~0. 10%, Mo : 0. 005 ~0. 10%, V : 0. 005 ~0. 30 

10%*ckt;B : 0. 0001-0. 0100%;5> ^fcC-Sgf*^ f>ji«n 

3 0 $T®vi-rti*^ 1 'mz%m.zntcM^U'^Mmm, 

[0 0 0 1] 

§i!^490MPajW±, ?^lAtf*80%W±-e£tJTMtt*^@n 40 
[0 0 0 2] 



• (3) 



[0 0 0 3] ■tt£.t>^. mm^^Ttmtx^x-wtmz^x 

y^<ommif^jLmz^\<^xmtmifim^^nm\'^, "to 

[0 0 0 4] $ib\z. f^mmmz. m^wzi^ms.m^ 
nt>-riz^^{tmmmmib-D^^nv ^MKimtim 

0mm\t. ^^m^f)m9cLxjiy^>'!f-^nrzm^i& 

■^ntcmmmmztb^^^not. ^mmmm^^'^'x 

\z. :fzmi-fmmt^\zi&Tvxvi^o. 
[0 0 0 5] mmmtTimtLxu-mmz. m 
imm^7tMx$}^ri'^mm^m\'^^f)^. z.(D:^mhf^ 



11 

[0 0 0 6] ^ZT. 7tirtf14^©t5^e«ttCDm* 

f^ftiimz&nrcm^m^^imMmn^tb-Dtm 

[0 0 0 7] Sfc, #M¥4-346645^^a{I«, Cu* 

0.5 ~2. 0 % (^mm9\z:!a\^^x\tmzztt>r)mji^^ 

[0 0 0 8] Sfe. !ffli¥5 -263145^^^tC«, Cu^ 

^mm) r\mmmmmftmt^^rctb\z¥rm^^-\-^ 

[0 0 0 9] Sfc, !|ffFm2820819 Si^Mn^® 
[0 0 10] *fc, !l#BB¥5-31i244^ii^{C«. 8?)^ 

[0 0 11] ^mmzmm mz\t. mm^^^^b 

^i'k^m\z^^r§isi&it^pi<Dmmmm&m^mmm\z 
mmt^ztiz^o. msimizmmmf^ib-o^^m-rz 

[0 0 121 ^fc. #g3¥6 -293910^^^(C«, 

}Kimtmmzmnftmmmmmm^<DmmMtim^ 

[0 0 13] S^c, 4#M¥7 -48648 '^-f 

m:ku-t^y'$'^ ht^i^mmx'QA %^:x-f^ts^^=. 

M-^-^) >ymzmnrcm^mmmm^&t^<Dmm:^ 
mti)m7P^nx\^^^, 

[0 0 14] S^c, 4#§8¥7 -11382 ^^^{Ctt, 7-> 
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m^t^oymi^:^mtifim^-^nx\,>^o 

[0 0 15] #g3¥6 -172924^^^fC«, 3\ 

m^mmwm m&.±<DM^mx$> ■DXhwzJ^yyyi^ 
mxmz&nrc^fkmmi^mmm^-^nxi^^^o 

[0 0 16] 

fFm2553413 ^fcJ: 0M^$n^c5giq«. C^mtmt 

**r!c^«i|fj-rso immk^mm-f^tzmz 
m.m<Dnyy^ifii:.^<. •&ntzmi^'k^\^x%^z 

[0 0 17] ^wiW-A-^Am^^'m\z^y)U%•^ntz 

%mxkt. i^«;iCu*fflVi^Acfe(C3Xhi§<i:;ic-5. * 

fc, ib-Dt'm^(Dtzib\zmmit-:>^m<r>xnxw\zfv 

20 mit\tmL^K 

[0 0 18] <i^m^5-2mAi^{i^miz^K)t^m^tirz 
mmxit. zu^mi'^^rztbiznxhf)^^. ^\tr)m^ 
mzmmit\mLiK #fF^28208i9 mz^foi^m^n 
rzmmx\t. m^f^oy^it^m^mmhtzm'^izmmtu 

[0 0 19] ^mw- 5 -iimmd^miz^ 10 mm-^ntz 
^mx\t, um^m^ffmt^tzibmm<DAyy^f3^± 
&nrz^m^^^vxn^ztimL\^^o ^nf^ 
30 27miA mz^iomm-^nrz^mx\t. ^^itmmm^ 
tb^tmmzio^^x, ^(DnhmtiiaxxznmitLrzm 

T, iKiik\imi^^r>^^%^ts\^mM:mm'^%mmz 

[0 0 2 0] iftW¥6 -293910^i:^^fC<t o^^$n^c 

uxiaxizi5if^mn<DB,^\ztj:*)^\f^zt-^. 

<D^m0^W]\z^<o<^m^^^Lf£^^o 

40 [0 0 2 1] !t#^¥7 -48648 ^^^IwcfcO^^Sn/i 

f8§qT«. "toymmmizhtim-^nx^^^^oiz. 
0. 1 ~o. is%mmt^m\zmua-r^ii^i^i)^$>K). 
\z^^mmmm(Df^m^m^^t^o $^n> m-kii. 
m^(Drzib\zc\i. p ^izm'i^^mizmmt^'Si'^h 

[0 0 2 2] 7 -11382 ^^ffifCi O^Sg^nfc 

mmxit. 't(Dmmm\zhmm-^nx^^^^o\z. ii^ 
0.1 ^(i.2s%mmt^m\zmta-r^'ii^mf}^$>K). mm 
\zj:^m^^m(D^m^Bkt)m±v. ^rz^T^htim 

50 tJ. 



(8) 

13 

[0 0 2 3] ^iblZ. !f#M¥6 - 172924^4>«fCcfcOJI 

M^mMizT^MLtzm^m -250 1: mz\m 
0 -c) (oummmi;mMmm^(Dm^mimmMmz 

[0 0 2 4] ZOJ;:z>\z. 5^iStftt*5 10 

[0 0 2 5] :lz\z. ^%m(Dnmt. nit.^m^^iS' 

r)^Wmz\t. !i^490MPaU±. 7^:J2:tf$80%eA±-C$> 

^-r^^liTfe-S. 20 
[0 0 2 6] 

[^S^/S^f ^fcJi>(D¥©] WfBBW 

\znm-^mw^'^n. (d ~ (4) 
[0 0 2 7] ( 1 ) mti.'KJh.mi:.m'&t^m^tz^\z 

-5. 

[0 0 2 8] {2) ±M<DmWi^^MthX^-D^^'ti 
o^(Oibri'^^^^m'&-t^:it\z^K). ■^^\zmt^ 



C- (12/48) xTi' -(12/93) xNb^O, 
-340 XC + 76xSl-2xMn+939 XT 

rztz\^. (I) iCtCfetiT, Ti' =T1- (48/14) XN-(4 40 

8/32) xSXh^o 

CO 0 3 4] c:©*fgiqicd^*^*)ISiS^^<kJ§B!MiB 
>&o#i««Ta, $ 5)^, Cr : 0. 005 ~0. 10%> Mo : 0. 
005 ~0. 10%. V : 0. 005 ~0. 10%*5<j;t/^B : 0. 0001~ 

0. m^xf^ibts.^mii'^WiS.ntz i m^tz\t 2 mfj.±.^ 
[0 0 3 5] sfc, j:ne.o*fi§§^ic*^dv5iii^^^^ 
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is&mx'\t. mt7.'r-)vtfiv^^^nm\>^tzJsb. mw.^m 

[0 0 2 9] (3 ) f^]i:\mtimntz'^^imm&f&ib 

[0 0 3 0] (4) ^^n.'^^um-r^rz^\z\t. ^m. 
WL^mtt^ tm.^(Dm^mvct,^^\:'^tzib^^ h<ti 

^tz}i>\z\tmm{t,^vxo&^wtb 0 . z<iytzrsbo>mmt 

j^Jt&O. 8 ~1. 25i-r^^<h;5^W?iT*S« 
[0 0 3 1] ^ne.(Dfr«;itai. (l) 

~ (4) CScfViT$e.lC«lf*Sr«*3;tiS«. ffiCiH'v 

(DSi> Ti-^Nb^(D^linA*^>X, $ etClttJ?)^ 
!|f^-r^Ci{cJ;0. ^S490MPa£A±T7^:;£tf$80%J^< 

ij)^-Dm^<Di^ntz^Mm^^^uM^m'^^\mm 

[0 0 3 2] if%mt. C : 0. 02~0. 10%, Si : 0. 1 ~ 
1. 0 %, Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 %. 
S : 0. 010 %£^T. Al : 0. 003 ~0. 1 %, N : 0. 008 % 
J^T. itJ>SHj5i;TTi : 0. 003 ~0. 1 Xii^xm : 0. 00 
3-0.1 %©3%® l@S^c«2a. JigUFeiJctlX^nJ 

12(2) ^<Dm%'S:th\zm&-t^:it^nmtr!b, m 

[0 0 3 3] 

,09 (1) 

i + 1334xNb+5470xN^70 • • (2) 

[0 0 3 6] ^fz. ±m(D^mm\zA-^A^^m^m^^it 
mmM^iib-:>^mmi. tb^^mtmw.t(Dnm\zioi.-f 

-fxy^>'!f^nx\^^^ztt)^. m^^ti^. 

[0 0 3 7] m<Dm,^f)^^\i. C : 0.02-0. 

10%. Si : 0. 1 -1. 0 %, Mn : 0. 8-2. 5 %. P ^ 0. 001 
-0. 025 %, S : 0. 010 %&rf. Al : 0. 003 -0. 1 

%. N : 0. 008 %£^T, 'BmzfBCXli : 0. 003 -0. 1 
%43 ctmJb : 0. 003 -0.1 %<D^i,0 im^fz\t2m. 

12(1) ^*5cfci^Jii3(2) ^<Dm9^^t^\zms.r=bmw 



(9) 



2001-355043 
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iz. 880 -970 x:(Dti:±s.mumT'mms.m^norz 

600 -700 'C©ia^«fC35-55'C/'g>®?&^jiST 
^0^. 400 -600 t:©ia^i^fC5-40'C/# 

m t f 5. ^S490MPafi;±:fe J:lK?X/£tf $80%£il±T2& * 10 [0 0 3 9] 
700 +100 X In [Si] ^T^ 830 + 50X In [Si] 



16 



[0 0 3 8] z0^^miz^^A^^A^m^^itmm-m^ 

TE(3) iE:^fc?g;t-rj;5HLTfft)ti-5^<i:d^ 



(3) 



mmmm^^m co^&^l. ^^[siiis. ««gi«©s 
i^ws (%) ?&^-r. 



^ -0. 025 %> S : 0. 010 %WT> Al : 0. 003 -1. 0 
%. N : 0. 008 iki>mzmCX, Cr : 0. 005 -0. 

10%, Mo : 0. 005 -0. 10%, V : 0.005 -0. 10%*5j:i; 
B : 0.0001-0. 0100%d^e;5:-5Pd^e.ji«n^clffiSfc 

filt^Wb, TE(1) iC*5j:y:TIB(2) 
[0 0 4 2] 



[0 0 4 0] znib(D:$.mm\zt^i}^^m^^'^^itmm 
m^i!b^^mw.0mmijmx\i. mtn-^^. cr : 

0. 005 -0. 10%. Mo : 0. 005 -0. 10%, V : 0. 005 -0. 
lOXii^ZSB : 0. 0001-0. Qm%*'^i^tii?>mi!)^^Miin 

rcimkrz\t2m&.±^^^Lxh^\^^o 
[0 0 4 1] mo)mj^.t>^<bn. c : o. 02-0. 20 

10%. Si,: 0. 1 -1. 0 %, Mn : 0. 8-2. 5 %, P : 0. QOm 

C- (12/48) xTi' -(12/93) xNb^O. 09 

-340 xc+76xSi-2xMn+939 xTi + I334xNb+5470XN^70 
TzItL. Ti =Ti- (48/14) XN- (48/32) XSX$> 
5. 

[0 0 4 3] C : 0. 02-0. 10%, Si : 



%, S : 0. 010 %JWT. Al : 0. 003 -1. 0 %, N : 0. 00 
8 %£JlT, 'BmzmCX. Cr : 0. 005 -0. 10%, Mo : 0. 
005 -0. 10%. V : 0. 005 -a. 10%*5J;t^B : 0. 0001- 30 

C- (12/48) XTi' -(12/93) XNb^ 



(1) 

(2) 

led) iCi5ctt;Tt2(2) ^(Dm^k^thizm&r^tt.. 

fct, iSS«l[fl20MmjEilT®«gS«i*«ffia*80%et±d& 
®^490MPa.l^±43cl:t/?^:J£^f^80%£^ 

±x$,^xmm^&tirz^^mm^x$>^, 

[0 044] 

0.09 (1) 



-340 xc + 76xSi- 2 xMn+939 xTi + 1334XNb+5470x N^70 



(2) 



fzi^L. Ti =Ti- (48/14) XN- (48/32) XSX$> 

[0 0 4 5] S/c, C : 0. 02-0. 10%, Si : 

0. 1 -1. 0 %, Mn : 0. 8 -2. 5 %, P : 0. 001 -0. 025 
%, S : 0. 010 %6AT, Al : 0. 003 -1. 0 %, N : 0. 00 

^^L. TIBd) iC^5J;t;TIB(2) S®M^S<hfc(Cri 40 



^•^^ttio. )^^tstmmt0^m\zm^mw.mm(o 
mims(i%sx±x$>^ xm^amnrz^^itm^mmtb 

[0 0 4 6] 

....... (1) 



C- (12/48) XTi -(12/93) XNbS0.09 . . . . . 

-340 xC + 76xSi- 2 XMn+939 xTi + 1334xNb+5470xNS70 



(2) 



^cfe'L, Ti' =Ti-(48/14) xN- (48/32) XSX$> 
[0 0 4 7] C : 0. 02-0. 10%, Si 



%, S : 0. 010 Al : 0. 003 -1. 0 % 

8 %etT. -^iiZ. Cr : 0. 005 -0. 10%, Mo 



0. 10%, V : 0. 005 -0. 10%*5<kt;B 



N : 0. 00 
, Mo : 0. 005 — 
0. 0001-0.0100 



50 



%f}^ibti.^mt^imiinrz i m^rz\i 2 mu±. nme 

iC*3J:irFtB(2) ^<Dm^^th\zm&t!btthiz. 

i^^m2QixmPAy(Di^^m^mmmw/oU±&tb. f 

Uzf:^-;i/7x7'f h®5-&<Diaj^;L±*^f>;^ti9, to-^^ 



(10) 



17 



^mtt^. mmmwa&:±^^zffzjK\fmzo%&.±-c* [o o 4 s ] 

C- (12/48) XTi' -(12/93) xNb^O. 09 . . . . . 

-340 xC+76xSi-2 xMn+939 xTi + 1334XNb+5470x NS70 
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(1) 

(2) 



tctcV. U =Ti- (48/14) XN- (48/32) XSX'$> 
-5. 

[0 0 4 9] ^ne)®*5g^J'*^*^-5. ^S490MPa£A± 

0. 003 ~0. 1 %^^mh : 0. 003 ~0. 1 %0ot>(Dim 10 

s « 2 as^wr s ^ t mi^s-^n^, 

[0 0 5 0] *^c> C : 0. 02~0. 10%, Si : 

0. 1 ~1. 0 %, Mn : 0. 8 ~2. 5 P : 0. 001 ~0. 025 
%. S : 0. 010 %&rf. Al : 0. 003 ~1. 0 N : 0. 00 
8 %KT, itJ-^fl^BDTTi : 0. 003 ~0. 1 %*5=l:y^}b : 
0.003 ~0. 1 lSSfctt2a. 5iSi5Fe*cta^^ 

C- (12/48) XTi' -(12/93) xNb^O. 09 

-340 XC + 76xSi- 2 XMn+939 XTi + 1334XNb+5470XN^70 • 



^^-simmi^nm^iu^mnmmL. Tied) istJi 

0JTa(2) iCWM^StfcfCSIS-r'Sfflltfc:, 880 ~97 

0 x:(Dti:±EEmumxmms.i^^^7^rcm. eoo ~7oo 
^: 400 ~6oo 'c<D^mwz5^A(ix:/^<Di^nmmx 

S75«fflll^80%£A±c5». i^^ria.^-'^^riT^'r 
©ia£;(±/0^f.7ii:S^i<£#i^t-rs, ^S490MPa£;l± 

[0 0 5 1] 

(1) 

(2) 



fzfiL. Ti =Ti- (48/14) XN- (48/32) xSTfe 

So 

[0 0 5 2] C : 0. 02~0. 10%, Si : 

0. 1 ~1.0 %, Mn :0.8 ~2. 5 %, P : 0.001 ~0. 025 

%, S : 0. 010 %SX~f. Al : 0. 003 ~1. 0 %, N : 0. 00 

^^rt, Tffi(l) iC*J;Z^Tf2(2) S£oH^^ifc(C?i 

srsiHfrfc, 880 ~97o x:<Dik±zm^mxm!Si&m 

^n^fzm. 600 ~700 'CcDiaSlgetc35~55t:/iJ>®}^ 

^ji^T?^ait, ^co^, 400 -600 x:(Dumm\z5~ 



20 8,^[;5t30'CiUT®^Hatt'T'^m$0. 8 ~1. 25<hL, 

;5^0Hai?{i:^rt-e©#iiiSM3i«}a^;&^Tf2 (3) ^^m 

490MPaet±*5 iZ/T^jKtf ^80%£t±Tfe o T]ffitt:d<fiin 
[0 0 5 3] 



C- (12/48) XTi -(12/93) XNb^O. 09 

-340 xc+76xsi- 2 XMn+939 xTi + 1334XNb+5470XN^70 
700 +100 X In [Si] ^T^ 830+50X In [Si] 



(1) 
(2) 

(3) 



;t^cb, Ti =Ti- (48/14) XN- (48/32) XSTS 

[0 0 5 4] ;itie0*^Bj(c*^*^s, tm^mmsMfz 

$ e>{C, Cr : 0. 005 ~0. 10%. Mo : 0. 005 ~0. 10%. 
V : 0. 005 ~0. IO%*J:t^B : 0. 0001~0. 0100%*^ 6;^!: 

^m-' ^mtmc i m^tdd. 2 asi±$:-&w-r5 hti^ 

MSLli. 40 
[0 0 5 5] !3iJ0S;±l*^e)«. *f8§gtt, C : 0. 02~0. 
10%, Si : 0. 1 ~1. 0 %, Mn : 0. 8~2. 5 %. P : 0. OOli^ 

C- (12/48) XTi* 

-340 xC + 76xSi 
fzfiX^. Ti' =Ti- (48/14) XN- (48/32) XST* 

So 

[0 0 5 7] SAc. immX^ C : 0. 02~0. 10%, Si : 
0. 1 ~1. 0 %. Mn : 0. 8 ~2. 5 %, P : 0. 001 ~0. 025 
%, S : 0. 010 %iJAT. Al : 0. 003 ~0. 1 %, N : 0. 00 
8 %eAT, $ e> t, Cr : 0. 005 ~0. 10%, Mo : 0. 005 ~ 50 



it ~0. 025 %, S : 0. 010 %\>Xf. Al : 0. 003 ~0. 1 
%, N: 0.008 %£tT, SaJFe*ckt;^oI)il«^$fi«!i>6> 

^fS.^m^m:-^\.. TIB(l)iC*cklXTE(2) 

i'^x^'f K*;ttti'7>'-7j?'J:J:h;i'7x7'f l>©-5 

■fe(7)ia£il±;5^e>;iS^<!:$!}tMit-S. 3t^490MPaJi^ 
±*5cl:D^?^/Atf^80%e^±T$)oT®ti*ign/tiSl^S 

^^^mmmi^t) -d #si«t s s. 

[0 0 5 6] 

(12/93) XNb^O. 09 (1) 

2 XMn+939 xTi + 1334xNb+5470xNS70 • • (2) 

0. 10%. V : 0. 005 ~0. 10%*3J;DJB : 0. 0001~0. 0100 
%d^^;JcSif*ie.Stfn;tia*fctt2iBJ!JJl±, sasFe 

^^m-^m.m-mmti^^fi.^m^^-^-^\^. Tied) 

iC*5cti;TE(2) iC(DH^<£tt)t3?iS-rs<i:<!:felc. 
i^Se#20umi^^T®igS&dtffia$80%t^±£». 
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mtt^, ^g490MPa£il±*5j;lKA/2:Jf^80%£A±T* 
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* -5. 

[0 0 5 8] 



C- (12/48) xTi -(12/93) xNb^O. 09 

-340 xC + 76XSi-2XMn+939 XTi + 1334XNb+5470X N^70 



(1) 
(2) 



fcf^L. Ti =tl- (48/14) XN- (48/32) xSTfe 

5. 

[0 0 5 9] ^fz. C : 0. 02~0. 10%. Si : 

0. 1 ~1. 0 Mn : 0. 8 ~2. 5 P : 0. 001 ~0. 025 
%, S : 0. 010 %«T, Al : 0. 003 ~0. 1 N : 0. 00 10 

S^t. TtB(l) ^*3J:tXTf2(2) iC^H^^tfetri 
ST ^ t <!: t) fc, igfBeg20 /z mRT® iS^H^i^^ffiS^^ 

C- (12/48) XTi' -(12/93) xNb^O. 09 

-340 xc + 76xSi-2XMn+939 XTi + 1334xNb+5470xN^70 



[0 0 6 0] 



(1) 

(2) 



tc^b, Ti =Ti- (48/14) XN- (48/32) XST* 

[0 0 6 1] C : 0. 02~0. 10%, Si : 

0. 1 ~1. 0 %, Mn : 0. 8 ~2. 5 %. P : 0. 001 ~0. 025 
%, S : 0. 010 Al : 0. 003 ~0. 1 %. N : 0. 00 

8 %e^T, $ etc, Cr : 0. 005 ~0. 10%, Mo : 0. 005 ~ 
0. 10%, V : 0. 005 ~0. 10%*J;tXB : 0. 0001~0. 0100 

^^n^-^mffj^mm^^t^^mm^^^v. Tied) 
ic*5cta^Tte(2) ^(Dm^^th\zms^t^tthiz. ★ 
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ItmiT-S, 3l^490MPae/^±*3cfc?/7^j£tf*80%t/^±T' 
[0 0 6 2] 



C- (12/48) XTi -(12/93) xNb^0.09 

-340 xC + 76XSi-2 xMn+939 XTi + 1334xNb+5470XN^70 



(1) 

(2) 



tzftL. Ti =Ti- (48/14) XN- (48/32) XST* 

[0 0 6 3] c:ne>®*56?^f'*^?5^5, ^S490M so 

§^^^^fk^il!SIB«e)o#ffl««. Ti:0.003 
~0. 1 %*J;i;Nb : 0. 003 ~0. 1 %®5^©lS*fcf4 

[0 0 6 4] *fc, *5§?^J4, C : 0. 02~0. 10%. Si : 
0. 1 ~1. 0 %, Mn : 0. 8 ~2. 5 %. P : 0. 001 ~0. 025 
%, S : 0. 010 %e^T. Al : 0. 003 ~0. 1 %, N : 0. 00 

SWt, Tf2(l) iC*J:i;TIB(2) SoH^^ifclcri 
STSSlM-lC, 880 -970 'C(73tt±IIjgiaSTi!irp1ffi]i-iV40 

C- (12/48) XTi' -(12/93) xNb^O. 09 

-340 xC+76xSi-2 xMii+939 xTi + 1334xNb+5470xN^70 
rcfzh. Ti* =Ti- (48/14) xN- (48/32) XST^ 
^, 

[0 0 6 6] Z.<D:^%m\zm^^. ^^490MPaJ^^±*5<k 
i[XAJ£tf^80%jK±T*oTjH4*<@nfeii5^gE^ife{k 

)t«, Ti : 0. 003 ~0. 1 Xii^lfm : 0. 003 ~0. 1 %© 

[0 0 6 7] ^:o*fg|gfc>6>*^5, ai^490MPa£il±*3J: 



ii^n-^tzM. 600 ~700 t:c7)ia^l^fc35~55'C/#®?& 

^jiST?&ab. ^(D^, 400 ~600 rwia^i^iis- 
40'c/fj>©?&^jiS-c?&^LT#mo, wk^n-^xt-^ 

J!^^T<7)iS^BSi;^)iffi«^80%J^±,Si6. ^y-=Ly~^-( 

h®3^Oia£il±!0^e.nct3, ^-D^hWmWiZ^ 
ttSSiKSjS(7)(l^(Di^^©rBl©«£^Si#;>^iH2. 0 Mm 

m^t^-^Lh-^^^ht^. ^S490MPaa±i5ctlX;A:iA 
tf^80%£A±T*oTjStt3!)tfinfcig5^^^^^b^B!® 

[0 0 6 5] 

(1) 
(2) 

isti.mMmw)>xiiX%r) xmmmnftmLm.-^^\Y. 

la*, mmmcvxy(r>^m%^x^mm:^. % ~i. 25 
wsiumr^^d) ^-^mtz-t ^o\z\^x'ut^rL^-Li:. 

50 [0 0 6 8] 



(12) 



21 



700 +100 X In [Si] ^T^ 830+50 

-To 

[0 0 6 9] ^n^(D:if.%mzm^^. 
0MPa£Ji±*ckt;7^i2:tf$8o%eJi±-efe-3T@tt*«®nfc 

i)^. $ Cr : 0. 005 ~0. 10%> Mo : 0. 005 ~0. 10 
%. V : 0. 005 ~0. \r/o^^XSB : 0. 0001~0. 0100%*^ 

^ti.^m-^ibm\-inrz i 2a£^±^^w-r5 lo 

[0 0 7 0] 

[0 0 7 1] $-r, ^%m\zi}^ti^^M^m'^'k{mmm. 

(c : 0.02-0. 10%) iSVi7^:/2:iftt$#^ictt. mwm 20 
-i ht-r^fztbiz. c^mmm. o2%e^±o. loxurt 

[0 0 7 2] (Si : 0. 1 ~1. 0 %) Si«, mcO^itlZ^ 

m-c$>K). vi)^hmmzMm^^Riirztf)^<>m^rz 
tb. mmm^m<Dmti'^<^\i^mizmijavrz\,^^»x'$>?> so 

[0 0 7 3] tfjit)%. Si^^»*^0. 1 %*riT&^ 

D T/s: < . mm^p(onm^T\tmm^mizt^'B\zm 

m-r^rztf>iz^±itm(DmsEmm^m^. mxmiz. n 

i\z. BsMitxmo'^omTzxmizio^^x. a-xp- 
;p mmu-M izxy-jvfi^amh. m^^mizwv 40 

[0 0 7 41 si-^«*ti.o ^sie^st, i^fb 

[0 0 7 5] ^ZX\ *f8?^T«, Si^WfittO. 1 
±1.0 ^^ATtlS^-r^o 

(Mn : 0. 8 ~2. 5 %) Mn«, C^Si^Ht4&tf;^cVifc® 
^Wji^itTiMXi^Z. L^^t), Mnttt. /X-^'f 50 
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X In [Si] (3) 

h0j&mr^±0SL=&m^. i^^m^mm\zr^^^mii^$> 

^, zni^0^m^mW^'^^rztb\Z. Mn*0. 8 

mmt^ztm-mx&^o la^v. 2.5 x^m^xm 
^mrnvxh. mtm(D\^±9J)^^misa-r?>tthiz. 

0. 8 %t^±2. 5 %uTtm^-r^o 

[0 0 7 6] (P : 0.001 -0.025 %) Ptt> 

{cw^ax-feo, ^mizmmvrz^^^^x$>^^^. 

«7&i0.025 Ife^fcbBVittfcJCJ&^^l 

(D/-^^y^)>if^^^if^^^o -15. P^W«?5mOO 

1 %*?i(cfSi)S-r§(ct4taj£:;(7)r]x h±#<£^po ^z 

X\ :^mmxii. P#W*«0.001 %|^A±0.025 %i^T 

[0 0 7 7] (S : 0. 010 %1UT) Stt, O. 010 
;iT^W-r^ti:, MtA?^ittE'^ii^-^XWZSyy>i^ 

tTi^SSLVi, -^-^IT. :^^mX\t. S-&=&««0.010 

[0 0 7 8] (AI : 0.003 -0. 1 %) Al«> BK^iig^i-i 

Lxmtzm(Dmm\:(Dtzi^izhmm^^'^!Kx$>^o z 
0rztbizmm^>fs.<thQ.m %mta-r?>. -15. ai 

■3 7.h}:.m^wotzntti,^o tzx\ ^mmxit. Al 
^w««o. 003 1 %&.rtwi^-r^o 

[0 0 7 9] (N : 0.008 %SiT) Ntt, WXfy^>z^ 

\t^^if^'it^i^m<^x&^o -E-ziT, ^mmx\t, n 
t^mm. 008 %j^Tiis^-r-5o 

[0 0 8 0] (Ti : 0.003 -0. 1 J; l«^b : 0.003 - 

0.1 %(D^-^<Dim^rz\t2m) n^^mm. v^-rn 
fc, ^^mx\t'Z^mizmcxmisa^n^^Mmi}ayzMx 
hr>x. ±M<Dmm<Dm^^^-r^zt\z^K>. sis© 

[0 0 8 1] Ti*5J:tKNb©'>fj:< tfc-::^^, 

[0 0 8 21 -Id. Tx^^xm^n^icKD'^^mm. 1 

T«> Ti : 0. 003 -0. 1 %*5J:0^b : 0. 003 -0. 1 %(D 

o-^<D\m^rz\t2m^'^^t^ztt. m.'&r^zt 

[0 0 8 3] (Cr : 0.005 -0. 10%, Mo : 0.005 -0. 10 
%, V : 0. 005 -0. 10%*3ctOJB : 0. 0001-0. 0100%*^ 

ibti.^mf)^^m\tntzim^rz\t2m^i±.) c:ne>«> 
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* Mo : 0. 005 %KI±0. l(i%SXT. V : 0. 005 10% 
[0 0 8 4] ( (1) *5gBjTfa. C. Ti. N. S*3 



tf3it>*>. Cr. Mo. V*5j:i;B®^^S*i±EIS 
5. -eci-e, Cr, Mo, V^J;:XSB<Dt)t>0)(>rji< thl 

m^mmt^m-^izii. cr : o. 005. %e^±o. io%t;^T, * 

C- (12/48) XTi' -(12/93) XNb^0.09 (1) 

■n$>^. tctzL. (1) iCfc4oi^T. Ti' =Ti-(48/i4) ^nn^-c^y'^ y ■i? y jiy-( h<Dm^m.mzumr^zt^^ 

XN- (48/32) XSTfe-5. 10 
[0 0 8 5] CCDgStt, TXJEtfttCDfSTIiHt^^C^-b [0 0 8 6] 

IJCDC S ^c«Nb® 1 m^fc\t 2 atf^fb^ t LTH 

-340 xc+76xSi-2XMn+939 xTi + 1334x 



( (2)iC)^fc- C, Si, M 

n, Ti, m^^UN^n^'tKD-^^mt:. TIE (2) ST 



)+5470XNS70 



(2) 



[0 0 8 7] sff^STX/rtfitsa^-r^^c 

*{C14, a>er07C^(D|fiHS^5£-r5fc*ttTtt^+5J-T 
D. (2) iCS^ST-SdtfCctD. @^tr580%R± 20 

[0 0 8 8] Ti^fe, Ti*<tt;Nb«, v>-rnfc, :^mmx 

Z(Dm'^\zlt (1) iC*3=fcrX (2) iCt?«Ti= 

o> Nb=o tbT^ajsn-s. 

[0 0 8 9] ±ffi£il^«, Fe*5 cl:CJJ^Rliife5^*E«STa6 

*^mizi)^f)^^m^m'^^itmm'^^sb^^mm<D 
mit:^mx\t. ^^ti^^m.i$.t:^-r^miiiz. mm&m. 

Oo uy. cmsoiSfc^v^TittiR-r?). so 
[0 0 9 0] mmzm) ^^mxu. ±m(Dmm^^ 
^t^mwiz. 880 -970 x:(Dit±EEmumxmi\&m: 
srffp, u^. mii<Dmm-'^m?^s.mm(Dmm^x'(D 

h-<Oim^m\t. 1200~1290'CS:«»I^T5C: t*«-c# 

So 

[0 0 9 1] mms.m^^Tbrzm<Dum^^^~^^ 

<Da:^^bS0Si£i>S?!)^a&5. 880 x:sk± 

970'CJl^TcD^a^®HTtt±)£5^s^T3^^s?5^*?)c tt 40 

tfi<0 ■t:^ hf)^^ffLV. ^^-7"^ yi/yxy^ 

hmmmibnti<f^-oxna:im^^i&rt6. 
tt±E5SiaE75^97o *c^®Ast, mty.^-)vti^mm 
iz^^titztbrnmrnmuar^o "tzx. :^^mx 

a, llftP4E]iW{l:J£ia^«880 ^£^±970 *C6tTtlS?& 

[0 0 9 2] iirB^ES^HTLfd^, 600 ~70 

0 x:<Di^mmzii'^5ix:/j&<Di%mmmxmi<D^m^ 

ff5. 50 



[0 0 9 3] mmEE.mmj'^<D^ 1 ®?&acD?^ajji^75^ 
iix:/is>\zmfzu\^^t. ti:±immx^urz^-7.7-i- 

hmmztji<itji\.^rzi^. :^jKimm&T-r^. - 

^(D^ 1 0?^^«<^ai)i^?i^55'C/#^SAS 

1 ® J^^O?&ajiSSr35r /t^fiiiSSt/U^fi^T 
[0 0 9 4] S^c. S*®'^'f:iT-'f >yi7 7x7< ha 

i»s4^$i*-sfc8e)H«, 600 ^^£^±700 x:skr<D^m 

mx(D^m^rz\i^^*^mmx$>^o 600 t:*?i©ia^ 

Mae)-r, 700 "CjgcDia^j^T-^jt-rsi.^rBieL 

1 600 *CJKA±700 'C£tT<DiaSl^H«Jtf 

-5. 

[0 0 9 5] zom. i^^w.(D^&^mm-r^rztf>\z, 

400 ~600 'C0ia^lS{C5~4O'C/g>®?^aJ)iS-em2 

0i^m^nt>n^. 0*0. ^om2®?^^(7)j^^ji^ 
mox:x^^m^^t. :i<Dm2(7)}^m\zmmLxnt:> 

[0 0 9 6] ^m^mmoo rSrS^Si-t 

m^<Dmikmm\tf)mft^. $^c, #®i&^d^6oo -c 

fzsb. y^fKmaxmzy y^m^^^\:mn<Dm.^tr£ 
5. $61:. *o^»l«ic*3HTt)5^:i2:tflnixsff5fc 
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[0 0 9 7] (^ijfe) ■&^{bj§iiji3Eiaje>o# 

[0 0 9 8] (^ife{k^U36«i»e)o$) ^gfe^lC, 



10 



[0 0 9 9] T^iCt*^. -&^^b^lilS»*o€f7-f > 

700 +100 X In [Si] ^T^ 830+50X In [Si] 
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[0 10 0] si^intH-c«, mt7.'r-)]^t)m^^^^ 

[010 1] :i(D^^itmmm^ib^^f)^. mm^mm 
(Dmm^'i'x^Bit^Q. 8 ~i. 2bti^xnt)n^'tth 
rc-r^o\zhxnt>n^::tii^. m^L^\ 

[0 10 2] 



(3) 



mmmmmum cost^l, ??^[si]tt, m^mw-os 20 
i^** s^r. 

[0 10 3] -rut>-^, mm^^xmm-r?>^<D^mit 
\tm^ L < m. 8 ~i. 25> s ^\zmt. l < m. 9 ~i. 2 

;ic^fkX'5r-;i.7jt4fiJcL/j:l^o ^j^Jtdn. 25^M 

iimhxtbz>tiKmm^i^tcio, mmit^p^(Di^m^ 
m^i^i^-\zti':>xm^mm\zt^-tiimit7.^-m^^ 30 

[0 1 0 4] sfc, mm{tP\^<Dmm%i37.<Dmmt. 

^i^iiamitxY-)]^^^^^ii^rzsb\zm^\x$>^o 

ipp^0nm%^7.<Dmmt. iQx:i:xrx$)^zttm^^ 
L<. mm<Dmj^t^^, -A{ix:&.±ox:&.rx$>^zt 40 

[0 1 0 5] s etc, mmitp[fiX0m^^m^. ±e 

(3) ^(D^oizfSi^r^mt. mmim(D7.'r-)V0± 

(DS\t^miz^'omtM^^x$>io 
[0 10 6] rtat^-^. m^mmf)'^ 700+100 x inis 
i] rc) ^ohmmit. mmitmiz. 7^>xtf-K 
^m-r^'^r\zmiEtji^^itmtt^(D\z>mtj.x'r- 

50X ln[Si] CC) J;OfeiSttn«, K<b7.'5^-;Pg*i^ 50 



ii^T, i^mm\z^^-r^m7€?emf)^^<^c^^it^ 

xm(Dtf}-^tmmf}^S'<r£^o s^c, mmitipiz^^T. 
^-)vmii'^m:k-r^ t. a-x u-juzT^^-m^nm 

[0 10 7] f£i^. mmitm(0Mm:^^\t. m^^m/o 

^m\z^>opfH^^mmm-r^mmitP:^^. ^-sv^js 
-:^^m^mx'h^\^^i)^. p^0nm%<o^^^^m 

[0 10 8] ^nilctD, iKrBiSig20xim«T©i^fB«i 
;»5^'80%a±d5J?). '^-I'-X'C yi'^x^-f hffl^;!)^e>/:j: 

[0 10 9] tUi^-^. mjOItt, tDtJttT^irtmiJ 

^%^tztb\z. m^<D^^^^^-(sm^<D0k^x%^b 
k.mmz-DK^x^(D^mmiUm.n.^m.^mzm^hfz 
ig*. m.wfi'<^^~7-^v!pyjLy'<hm.mxhK>. ti^ 

•S)^-©mglSr20|im£ilT©igSiK[*«80%£^±#aET5ffl 
^(!:-r§^tfCJ;0. l^^timxh^\Zhti^f^i:^<b-rm. 

[0 110] ii<Dtcmz\t. -t^^y^^ hmm^^^v 

x\,^^t^mx& K) . ^rz^^^mmi^x$>^t^mt 

«Lg20/ixmttTOiga!K*t80%iit±68i). ^-f-x^f-y 
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[0 111] ^tc. tf)o^mtm^t<D^mizin^^m 

&rf. ff*b<tti|ii.5 tim&rf<ojiy^>ifi;$>n lo 
m^t^tb-^tmrnrnzyyti-m^^hrcfbL. m 

[0 112] L;o>b;icd^e., smmmxii. 

^<mfiSc.brji\^^t^^{tmmm^ib-D^itf}^mm\zu 

oo~6oo ■cic-r-sdtt. 4&t?#ie-e0H5^fb^^®s 

,^*30"C£tT, ^j^Jt=£ 0.8~1.25i:tT, iP!«S®© 

5 C <»: fc J; ^ T±fB B KIS 

«6Jlti^fi£T5Ci:;5^T*-5, 20 

[0 113] t£.ti. ^%mxm.±ir^j.y^>^\t. ^ 
L^c^®ij«Sis* s EMicTS^-rs z. txmmx^ 

[0 1141 iiOct^tbT, *5IWlc*^*^5S3ji:5^ffi 

mt. C : 0. 02~0. 10%, Si : 0. 1 ~1. 0 %, Mn : 0. 8 
~2. 5 %, P : 0. 001 ~0. 025 %, S : 0. 010 %£JIT, 30 
Al : 0. 003 ~0. 1 N : 0. 008 %£AT, Ti : 0. 003~ 
0.1 %*5cfc0^b : 0.003 ~0. 1 %(Do%(D\m-^rz\t2 
a. im\Zlt-CXt^\Z. Cr:0. 005 ~0. 10%. Mo:0. 
005 ~0. 10%, V : 0. 005 ~0. 10%*3J:lXB : 0. 0001~ 

0. mr/o-h^hti^mti'^Wi-intz i m^tz\i2m)>j.±.. 
le(i) ic*3j:UJ-FE(2) ^(Dm^^t%\zm^t^zt 

*#^fr§, !iS490MPa£t±*3J:tXAJ!i:tf^80%j&l± 

TS^, 40 

[0 115] z<D:^%m\zii^i)^^^^m'^^immm.m 

«?>o#Si«tt> iSS«i#20tfmWT©ieSK[;5«80%£^± 
[0 116] S^c, ^0*fg|gfc:;5^;!)i^iii^g^^{bi§ 
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[0 117] ^®=t5{C, *%?^!C=kn«, 

m\z^Wi^^tr\zmmMf&^-o^^^n^<o^<r>'^^\\L 

[0 118] (w,2(Dmm(D^m)'^\z: ^%m\zf)^f)^^ 

m^^mLti.i)'i^mm\zmm-^. 
[0 119] s-f. :^%m\zi)^i}^^M^mmWi(DU'&i3 
m\z^\'^xm^^^m¥xoyu^^m.^t^m^^. mmr 
^= 

(c : 0. 02-0. 10%) i^ii?^j£tfi4<&#5{ctt, mm&. 

;5^W^T'^^. C#Wft*m 10%^Sx.5<i:, #<©j^ 
C^>tfi*^'0.02%*riTafe?.<i:, +5^;^cj:3^^<&#^n;i 

0.02%i^±0. IO%Ji^T<!:IS^-r^. 

[0 12 0] (Si : 0. 1 ~i. 0 %) si«, m<D^it\zm 
nx^ 0 , Lii^hmmzimm^R\i-tztifi'>ti.\^^rz 
tb. mwm'm<Dmfs^^\t§rm\zmahft\>^^^x^^ 

ti^. mm\zmiM-r^t. ^7.'r-)V(D±mt^^9\-m'^ 

[0 12 1] ■r^.Kt)-^, si^#fi*«o. 1 %^mx-^^ 
t . <!: cD^iMWttR \z&ntzmmm ^nm^ if 
75^19 x;^j:<, mmit^(Dnm%x\tmwLmM 
\ziii-n\zm\<^m{c7.^-)vtim^^n. ^(Dm\:7.^- 
jvifimTt^x^Tt^nx^m-^mTt^mifi'^^^Kjf:^ 

$n-5. $6{c, mm\tiM(D'^<DM.7tiM\zi6\^^x. 

^m\znLmmtim^-t^um\zhfi.^. ■ 
[0 12 2] -15. ^x^^mm.a %^m^^t. 

^^rztf)iz^mzLf3iif-fn\frj.^fji<f3:^rztbWfm{t<o 
n^^B^m^m^xmm^^it 
LT, mwim^m(Df^±^mwx^tj:<u^, 

[0 12 3] ^ZX. *fi?g-et4. Si^WfittO. 1 %&. 

±1. 0 %&.ytf^^t^. 

(Mn:0. 8 ~2. 5 %) Mn«, C^Si^JC«R«nclifc© 

(D, ^mj.^it7tmx$)^, Mnctt, /t-7-r 

•5. c:tif)®fffflS56Jf$ii:-5;fc>&l;, MnSrO. 8 %e^± 



(16) 
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0.8 %R±2.5 %eilT<hK/£r5o 
[0 12 4] (P : 0.001 ~0. 025 %) P\t. m(Dmt 

«7i«0.025 X^m^^t, m^LMi\.^tth\Ztb^^m 

*fgWe«> P#*fitt0.001 %6jI±0.025 %£iT 
[0 12 5] (S : 0.010 %£^T) S«. 0.010 

[0 12 6] (Al : 0.003 -1.0 %) Al«. ffii^^5><i: 

■&^*«0. 003 %6iJ:l. 0 %£^"PtlB^-r5. 
[0127] (N : 0.008 %£AT) N«, #tK7 5>v 

^W«ta0.008 %«T<i:K^-r?). 
[0 12 8] (Ti : 0. 003 ~0. 1 %*5 J:tW}b : 0. 003 ~ 

0.1 %05^©ia*^c«2a) Ti43J:O^Jb«. i^Tn 

*oT, ±E«l6H®*^-&^-r-5il<i:fcJ;0, SIS© 



30 

*7^ii;tftt$|Sj±-r otitic, ;^i|i;ic§^^±W^#4-r 

[0 12 9] *^§qoftt)agfj:.itttT, Ti 
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